bacteria from intestinal microflora of food animals will contaminate carcasses at slaughter in the same way as zoonotic bacteria (Delsol et al., 2003) . Therefore, the emergence of resistant bacteria in food animals has created public health concern because of the possibility of transmission via the food chain from animals to humans (van den Bogaard and Stobberingh, 1999; Wegener, 2003) . Accordingly, national surveillance programs to monitor antimicrobial resistance in bacteria isolated from food animals have been conducted in several countries (Aarestrup et al., 1998b; DANMAP 96, 1997; Kijima-Tanaka et al., 2003; Quednau et al., 1998; Tollefson et al., 1998; Yoshimura et al., 2000) . One national surveillance program has used Escherichia coli and enterococci as fecal indicator bacteria obtained at slaughter to assess resistance in food animal bacteria (Aarestrup et al., 1998b) .
Resistance to antimicrobials may be transferable from animals to humans, either by transmission of the resistant bacteria or by horizontal gene transfer of mobile DNA elements. Resistance genes commonly reside on transmissible plasmids, transposons, gene cassettes or other mobile genetic elements. Because of the horizontal transfer of resistant genes between strains, species and even genera, the commensal microflora of animals may act as a reservoir of resistance genes (Yates et al., 2004) . The resistant bacteria can be transmitted from animal reservoirs to humans through fecal contamination of food, water and the environment, or through direct contact with animals (Wasteson et al., 2005) . When animals receive antimicrobials as feed additives for growth promotion, the selection pressure for the development of antimicrobialresistant bacteria in the animals may be higher than in the humans on the same farm. Accordingly, there is a possibility that antimicrobial-resistant bacteria selected in the animal intestine are occasionally transmitted to humans via animal-house environment or by direct contact with animals. However, reports regarding the transmission of E. coli and enterococci as fecal indicator bacteria from animals to livestock farmers have been very scarce to date.
A reproducible method for strain differentiation is necessary to obtain first evidence of the transmission of antimicrobial resistant bacteria from animals to humans on the same farm. Phenotypic methods that assess phenotypic differences are inherently limited by the capability of microorganisms to alter the expression of the underlying genes and to produce similar antibiotic resistance phenotypes by mutations in different genes (Arbeit, 1995; Martinez and Baquero, 2000) . During the last decade, genotypic methods such as randomly amplified polymorphic DNA (RAPD), ribotyping, and pulsed-field gel electrophoresis (PFGE) have been demonstrated to be reliable tools for the differentiation of strains and for use in epidemiological studies of several pathogenic bacteria (Arbeit, 1995; Gori et al., 1996; Louie et al., 1999; Okatani et al., 2001; Tynkkynen et al., 1999) . Among these methods, PFGE is currently considered to be the "gold standard" for the differentiation of E. coli and enterococci strains (Louie et al., 1999; Morrison et al., 1999; Swaminathan et al., 2001) , and to be used to provide information about the potential clonal dissemination of resistant strains (Hoyle et al., 2005) and the ecology of pathogenic E. coli in a microbial ecosystem (Avery et al., 2004; LeJeune et al., 2004; Wetzel and LeJeune, 2006) . Additionally, it has been reported that insertions and deletions in chromosomal mutation appear to be responsible for the majority of PFGE pattern differences among isolates (Kudva et al., 2002; Singer et al., 2004) .
In this paper, strains having both the identical PFGE pattern and the same drug-resistant pattern are defined as being a single clone. The purposes of the present study were to investigate 1) the occurrence of identical clones among E. coli and enterococci isolates from the feces of broilers, pigs and cattle between and within animal farms, 2) the occurrence of identical clones among E. coli and enterococci strains from animals and humans on the same farm, and 3) the possibility of transmission between animals and humans on the same farm.
Materials and Methods
Bacterial isolates. A total of 27 farms, comprising three farms each producing broilers, pigs and cattle in each of three regions (Chiba Prefecture, Ibaraki Prefecture and Tochigi Prefecture) in Japan were selected for this study. Six fecal samples from animals and one fecal sample from each of two livestock farmers were collected for each farm. destomycin-A (DM), sulfaquinoxaline (SQ), bacitracin (BC), and tylosin (TS) have been described in the previous paper (Katsunuma et al., 2007) . A total of 2,929 E. coli and E. faecalis-faecium isolates from animal and livestock farmer fecal samples were collected. Antimicrobial-resistant isolates among them included 2,678 strains (91.4%). Testing of all strains was not possible because of the workload and expense involved. Therefore, a total of 1,401 strains from 2,678 antimicrobial-resistant strains were randomly selected as evenly as possible for each farm. A total of 1,401 antimicrobial-resistant E. coli and enterococci isolates comprised 739 animal isolates and 662 animal farmer isolates. The antimicrobial-resistant patterns of all strains used in this study are summarized in Table 1 .
Bacterial cultivation. E. coli and enterococci strains isolated and stored at Ϫ80°C, were streaked on heart infusion (HI, Difco) agar and brain heart infusion (BHI, Difco) agar plates, respectively, and incubated at 37°C for 18 h. Following this, each colony of E. coli and enterococci was inoculated into 5 ml of tryptic soy (TS, Difco) broth and 5 ml of the BHI broth, respectively, and incubated at 37°C for 18 h. After incubation, the cells were harvested by centrifugation and resuspended in sterile saline to give a cell density of 1.0 at OD 590 .
Chromosomal DNA preparation. Chromosomal DNA was prepared by using a modification of the procedure described by Wada et al. (1997) . The cells in 1 ml of the cell suspension, prepared as described above, were washed once with sterile saline by centrifugation, and the washed cells were then resuspended in 100 ml of sterile water (MiliQ grade). An equal volume of molten 1.6% Chromosomal grade agarose (Bio-Rad) in EET buffer (10 mM Tris-HCl, 100 mM EDTA, 10 mM EGTA; pH 8.0) that had been cooled to 50°C was added to the cell suspension, and the mixture was poured into a plug-forming mold. The plug mold was kept at 4°C for 20 min to solidify the agarose.
For E. coli, a solidified plug was incubated at 37°C for 4 h in 1 ml of EET-LS buffer (10 mM Tris-HCl [pH 8.0], 100 mM EDTA, 10 mM EGTA, 1% N-lauroyl sarcosine, 50 mg of lysozyme per ml). For enterococci, a solidified plug was incubated at 37°C for 4 h in 1 ml of EET-LM buffer (10 mM Tris-HCl [pH 8.0], 100 mM EDTA, 10 mM EGTA, 100 U of mutanolysin, 500 mg of lysozyme per ml). The plug was incubated overnight at 50°C in 1 ml of EET-SP buffer (10 mM Tris-HCl [pH 8.0], 100 mM EDTA, 10 mM EGTA, 1% sodium dodecyl sulfate, 1 mg of proteinase K per ml), after which the EET-LS or EET-LM buffer was removed with an aspirator. After the EET-SP buffer was removed, the plug was washed four times with 40 ml of TE buffer (10 mM Tris-HCl, 1 mM EDTA; pH 8.0).
Restriction enzyme digestion. Slices of each plug were equilibrated at room temperature for 15 min in 500 ml of the restriction enzyme buffer (10 mM Tris-HCl [pH 8.0], 7 mM MgCl 2 , 7 mM 2-mercaptoethanol, 20 mM KCl, 0.01% bovine serum albumin). After the restriction enzyme buffer was discarded, the E. coli DNAs and the enterococci DNAs in the slices were digested at 30°C for 6 h in 500 ml of the restriction enzyme buffer containing 60 U of XbaI and the restriction enzyme buffer containing 36 U of SmaI, respectively.
Pulsed-field gel electrophoresis (PFGE).
The DNA fragments in each sample plug were separated by PFGE in a CHEF-DRII system (Bio-Rad). Sample plugs containing the digested DNA with restriction enzymes were inserted into 0.8% agarose gels (Pulsed Field Gel certified agarose; Bio-Rad) in 0.5ϫ TBE buffer (45 mM Tris-HCl [pH 8.4], 45 mM boric acid, 1 mM EDTA). Electrophoresis was performed in a 0.5ϫ TBE buffer, at 14°C, 6 V/cm current and a switch angle of 120°, with pulse times ramped in from 0.5 to 50 s for 15 h. Saccharomyces cerevisiae DNA size standard (Bio-Rad) was used as a size marker. After PFGE, the gels were stained in an ethidium bromide solution (0.5 mg/ml), rinsed in deionized water, and photographed under a UV transilluminator. The PFGE pattern for each strain was compared and analyzed visually in a pairwise fashion to that for another strain.
Results
Chromosomal DNA fingerprinting of the antimicrobial-resistant E. coli and enterococci was carried out by comparing the XbaI and SmaI digestion patterns obtained after PFGE, respectively.
PFGE patterns of antimicrobial-resistant E. coli and enterococci isolated from broilers and humans in broiler farms
The numbers of PFGE patterns found among E. coli, E. faecalis and E. faecium strains isolated from broilers and humans in each of the nine broiler farms are shown in Table 2 . The 41, 24 and 45 types of PFGE patterns were found among E. coli, E. faecalis and E. faecium strains from the broilers of the nine farms, respectively. However, three E. coli, one E. faecalis and three E. faecium PFGE patterns of those PFGE patterns were identical among different farms (data not shown). Eventually, the 38, 23 and 42 PFGE patterns were found among 88 E. coli strains, 70 E. faecalis strains and 116 E. faecium strains, respectively, recovered from broilers in the nine farms (Table 2) . Similarly, the total sum of PFGE patterns found among 91 E. coli strains, 78 E. faecalis strains and 95 E. faecium strains recovered from humans on the nine farms became 35, 20 and 34 PFGE patterns, respectively (Table 2) .
Some E. coli strains from broilers had identical PFGE patterns to those from humans on the same farms. These cases were found in the six broiler farms of Farms 1, 2, 10, 11, 20 and 21. Additionally, some E. faecalis and E. faecium strains from broilers in Farms 10 and 20, respectively, had identical PFGE patterns to those from humans on the same farms (Table 2) .
PFGE patterns of antimicrobial-resistant E. coli and enterococci isolated from pigs and humans on pig farms
The numbers of PFGE patterns found among E. coli, E. faecalis and E. faecium strains isolated from pigs and humans on each of the nine pig farms are shown in Table 3 . The 49, 20 and 20 types of PFGE patterns were found among E. coli, E. faecalis and E. faecium strains from pigs of the nine farms, respectively. However, eight E. coli PFGE patterns of those PFGE patterns were identical among different farms. Eventually, the 41, 20 and 20 PFGE patterns were found among 90 E. coli strains, 54 E. faecalis strains and 54 E. faecium strains, respectively, recovered from pigs on the nine farms (Table 3) . Similarly, the total sum of PFGE patterns found among 87 E. coli strains, 73 E. faecalis strains and 28 E. faecium strains recovered from humans on the nine farms became 27, 12 and 8 PFGE patterns, respectively (Table 3) .
Some E. coli strains from pigs had identical PFGE patterns to those from humans on the same farms. These cases were found in the three pig farms of Farms 6, 22 and 24. Additionally, some E. faecalis strains from both pigs and humans on Farm 13 had an identical PFGE pattern (Table 3) .
PFGE patterns of antimicrobial-resistant E. coli and enterococci isolated from cattle and humans on cattle farms
The numbers of PFGE patterns found among E. coli, E. faecalis and E. faecium strains recovered from cat- (Table  4) . Similarly, the total sum of PFGE patterns found among 84 E. coli strains, 58 E. faecalis strains and 68 E. faecium strains recovered from humans on the nine farms became 40, 11 and 16 PFGE patterns, respectively (Table 4) .
Some E. coli strains from cattle had identical PFGE patterns to those from humans on the same farms. These cases were found in the four cattle farms of Farms 16, 17, 25 and 27. Additionally, some E. faecium strains from both cattle and humans in Farm 17 had an identical PFGE pattern (Table 4) .
Occurrence of identical clones among antimicrobial-resistant E. coli and enterococci strains isolated from livestock
Among E. coli, E. faecalis and E. faecium strains exhibiting identical PFGE patterns, the strains having the same drug-resistant pattern were decided as representing an identical clone. Identical clones found among E. coli, E. faecalis and E. faecium strains isolated from the same animal species from the same farms or different farms are summarized in Table 5 (Table 5 ).
The seven types of E. coli and enterococci clones were shared among animals within the same farms and between the different farms housing the same animal species. Among 739 E. coli and enterococci strains isolated from animals of 27 livestock farms, a total of 25 strains belonged to these seven clones. Namely, the 19 E. coli, 3 E. faecalis and 3 E. faecium strains belonged to 5, 1 and 1 clones, respectively (Table 5) . Accordingly, the possibility that an identical clone of E. coli or enterococcus could be found among isolates from animals within the same farm and between different farms housing the same animal species may be 3.4%. Additionally, identical E. coli clones were found among isolates from different animal species between the different farms. Namely, one identical clone was found among the isolates from animals existing between broiler and pig farms (Farms 14, 15 and 27: a total of 9 strains), one identical clone was found among the isolates from animals existing between broiler and cattle farms (Farms 7 and 27: a total of 2 strains), and two identical clones were found among the isolates from animals existing between pig and cattle farms (Farm 17 and Farm 24; Farm 21 and Farm 27: a total of 4 strains) (data not shown). A total of fifteen strains belonged to these four clones. In contrast, no identical clones of E. faecalis and E. faecium were found between different animal species farms (data not shown). Accordingly, the possibility that an identical E. coli or enterococcus clone is found among isolates from animals between the different farms housing different animal species may be 2.0%.
Occurrence of identical clones among antimicrobial-resistant E. coli and enterococci strains isolated from both animals and humans on the same farms
There were 18 cases in which identical PFGE patterns were found among E. coli or enterococci strains from animals and humans on the same farms, as described above. In 9 of these 18 cases, both animal and human strains had the same drug-resistant pattern. Occurrences of the identical E. coli or enterococci clones between animals and humans in the same farms are shown in Table 6 and Fig. 1 . The three, two and two types of the identical E. coli clones were found between animals and humans in broiler, pig and cattle farms, respectively. Only one identical E. faecalis clone was shared between animals and humans on each one of both the broiler and pig farms. A total of 11 animal strains belonged to these nine types of E. coli and enterococci clones.
Among 739 E. coli, E. faecalis and E. faecium strains isolated from livestock in 27 animal farms, 11 animal strains were identical clones to strains isolated from humans on the same farm (Table 6 ). Accordingly, the possibility that an identical E. coli or enterococcus clone is found between animals and humans in the same farm may be 1.5%. 
Discussion
In the present study, the PFGE patterns of antimicrobial-resistant E. coli and enterococci strains isolated from animals, comprising broilers, pigs and cattle, and livestock farmers in 27 farms distributed over three prefectures of Japan were investigated. The 115, 58 and 85 PFGE patterns were found among 269 E. coli strains, 194 E. faecalis strains and 276 E. faecium strains, respectively, isolated from the animals from the 27 farms. The 102, 43 and 58 PFGE patterns were found among 262 E. coli strains, 209 E. faecalis strains and 191 E. faecium strains, respectively, isolated from livestock farmers (Tables 2, 3 and 4) . The results demonstrated that the PFGE patterns found among E. coli and enterococci strains from animals and livestock farmers were heterogeneous and considerably diverse. Furthermore, our results showed that the most predominant PFGE pattern among E. coli and enterococci strains from animals in each farm was not found. These findings are similar to those of other researchers (Aarestrup, 2000; Donabedian et al., 2003; Hoyle et al., 2006; Liebana et al., 2003; Manson et al., 2004) . The demonstration of diversity in the PFGE patterns on the species level will be essential for understanding the molecular ecology of E. coli and enterococci in the intestine of animals and humans.
It has been suggested that isolates with PFGE profiles that differed from the PFGE pattern of the outbreak strain of E. coli O157:H7 by just one band were probably not related (Barrett et al., 1994) . It was assumed that due to the clonal nature of E. coli O157:H7 strains, the PFGE patterns should be very highly conserved (Barrett et al., 1994) . In our preliminary examination, PFGE DNA profiles were found to be consistently stable and reproducible on separate occasions and even after repeated subculturing (data not shown). From these facts, it was assumed that the employment of the combination of phenotyping and genotyping techniques is more reliable for differentiating E. coli or enterococci strains. Therefore, in this study the strains having both the same drug-resistant pattern and the identical PFGE DNA pattern were defined as being a single clone.
Investigations on the occurrence of identical clones among E. coli and enterococci isolates from animals on the same farm and from different farms have been very few to date. According to the results obtained in this study, the possibility that an identical E. coli or enterococcus clone could be found among isolates from animals within the same farm and between different farms housing the same animal species is 3.4%, and the possibility that an identical E. coli or enterococcus clone can be found among isolates from animals from different farms housing different animal species is 2.0%, as described in RESULTS. Additionally, a study from England has demonstrated that the same E. coli O157 clones can be isolated from the same healthy animal over a period of at least 7 months (Liebana et al., 2005) . This suggests that the clonal constitution in the intestines of animals is relatively stable. Therefore, the results obtained in this study indicate that the clone constitution of E. coli or enterococci population in the animal intestine is different at each farm and is characteristic of each farm.
Studies comparing E. coli and enterococci clones from animals and livestock farmers in close contact on the same farm have been very few to date. One of the purposes of the PFGE and antimicrobial-resistance pattern analysis was to determine whether identical E. coli and enterococci clones occurred between animals and livestock farmers of the same farm or not. According to the results obtained in this study, 11 strains (1.5%) of 739 E. coli or enterococci strains isolated from animals on 27 animal farms were identical clones to those from livestock farmers of the same farm (Table 6 ). Therefore, the possibility that identical clones of E. coli or enterococci are found among animals and livestock farmers on the same farm was lower than the possibilities that identical E. coli and enterococci clones are found among animals of the same species from different farms and among animals from farms housing different animal species, as described above. These results suggest that, in general, different E. coli and enterococci clones are found in animals and livestock farmers, and that the transmission of animal clones to livestock farmers or vice versa is less common. These results are consistent with those of other researchers (van den Bogaard et al., 1997; Jensen et al., 1999) . In these studies, the unidirectional spread of vancomycin-resistant enterococci (VRE) from animals to humans was inconclusive. Only a prospective study of the presence and colonization of VRE of animal origin in the human gut, after uptake of this isolate by uncolonized human volunteers, may add evidence to the hypothesis that animal VRE can colonize humans (Goossen, 1999) .
In this study, animal isolates were isolated from unmedicated agar plates inoculated with high dilutions of feces, whereas human isolates were recovered from antimicrobial-containing agar plates directly streaked with feces. Accordingly, the presence level of identical E. coli or enterococci clones in the intestines of animals was markedly higher than in the intestines of livestock farmers of the same farm. The high level of antimicrobial-resistant E. coli and enterococci clones in the intestines of animals may be maintained by the presence of antimicrobials. Furthermore, on the farms using antimicrobial growth promoters, microbes in the intestine of animals are firstly exposed to antimicrobials, and then antimicrobial resistance among enterobacteria such as E. coli and enterococci develops in response to the antimicrobial agents used. Subsequently, there is a possibility that antimicrobial-resistant E. coli and enterococci selected in the animal intestine are occasionally transferred to livestock farmers via an animal-house environment or by the direct contact with the animals. If some bacteria enter the intestines of animals and livestock farmers, they will be easily excluded by residential microflora. This assumption does not contradict the findings of other researchers (Rice et al., 1999) , in which some E. coli subtypes introduced onto a farm are transiently isolated from cattle but fail to be maintained within the herds for a long time. These facts can partly explain the finding that the prevalence of identical E. coli and enterococci clones was lower in the intestine of livestock farmers than in animals on the same farm.
Additionally, four of the farms from among the seven farms listed in Table 6 used antibiotics as growth promoters. Namely, Farms 2, 13, 17 and 21 used BC, CL, CL & BC, and CL, respectively. Neither BC nor CL was used as a growth promoter on the remaining three farms. Drug resistance associated with antibiotic use was found in only one E. coli strain from Farm 17. Among 739 E. coli, E. faecalis and E. faecium strains isolated from the livestock of 27 animal farms, only one E. coli strain from Farm 17 was found to be an identical clone to strains isolated from humans on the same farm. Accordingly, after antimicrobial-resistant E. coli and enterococci were selected in the intestine of animals in response to the antimicrobial use, the possibility that antimicrobial-resistant E. coli or enterococci are transferred to livestock farmers and maintained in their intestine is 0.14%. However, to produce firm conclusions on the transfer of antimicrobial E. coli and enterococci strains from animals to livestock farmers will require further study.
